Objectives: This study compared parental experience of the audiological diagnosis and intervention process in children with auditory neuropathy spectrum disorder and sensory neural hearing loss.
INTRODUCTION
The term auditory neuropathy or auditory dys-synchrony is used to describe a form of hearing impairment in which cochlear outer hair cell function is evident, but afferent neural transmission is disordered [1, 2, 3] . The term 'auditory neuropathy spectrum disorder' (ANSD) was adopted more recently as a way of describing its heterogeneous and multifaceted nature [4] .
Evidence supports multiple etiologies and multiple locations as the site of lesion in ANSD, ranging from the cochlear receptors or inner hair cells (IHC), to kernicteric deposits anywhere from the spiral ganglion fibres to the brainstem, to a paucity of myelinated fibres in the VIIIth nerve [2, 3] .
By clinical definition, patients with this disorder have normal otoacoustic emissions (OAE's) and/or cochlear microphonic (CM) potentials, but exhibit an absent or severely abnormal auditory brainstem response (ABR) beyond the expected for the degree of hearing loss [1, 2, 3, 5, 6] . Although the diagnosis is clear with an absent ABR, no clear guideline exists on what exactly defines an abnormal ABR in cases of ANSD but it includes abnormal wave morphology with ABR thresholds significantly elevated above the expected degree of hearing loss [6] .
The degree of hearing loss found in ANSD patients range from mild to profound.
Clinical presentation in ANSD typically involves inordinate difficulty listening in noise, possible fluctuations in hearing over time, delayed speech and language development, and speech perception performance that are not easily predicted based on the level of residual hearing [3, 5, 7] .
Variation is typical of ANSD patients and may relate to time of onset, underlying mechanisms, genetics, possible risk factors, ability to understand speech and changes over time. Some patients display no overt delays or auditory complaints until adulthood or in some cases until MEMR or ABR testing is completed. On the other end of the spectrum patients may display an apparent total lack of sound awareness, reflected in their severely affected communication and speech production abilities [8] . Most patients fall between these two extremes, showing inconsistent auditory responses with best responses in quiet and poorest in noise [5, 6, 7] .
In light of the variability inherent to ANSD, families may experience contradicting information regarding the diagnosis, choices in communication, amplification and intervention for their child [9, 10. In the case of children with ANSD and their families, this process is intensified because of the complexity and heterogeneity inherent to the condition [6] .
Most of the documented research on the experiences and support of families of children with hearing loss is focused on children's early stages of development [11] .
The impact of deafness on the family, including the various challenges associated with raising a child with hearing loss and families' support needs have been well documented, but little has been documented about the specific experiences, perceptions and needs of parents with ANSD children. In a qualitative narrative study by Uus, Young & Day (2012) , experiences of ANSD parents were described. The diagnosis of ANSD in this study was made following newborn hearing screening. It was found that these parents did not prioritize hearing very highly at the time of diagnosis because of other medical problems. ANSD was not seen as a standalone diagnosis but as part of a bigger picture as all of the ANSD babies were graduates from the NICU [12] . The fact that multiple risks and developmental delays are associated with ANSD mean there are additional factors that influence the parental experiences [13] . Investigating parental experiences for children with ANSD compared to those with SNHL may inform early health provider and parent interactions to be responsive to particular needs. The aim of this study therefore, was to compare parental experiences of the audiological diagnosis and intervention process in children with SNHL and ANSD.
METHODS
This study was conducted with parents of children who attended a centre for hearing impaired children. Children at this centre are exposed to an auditory/oral method of communication that aims to empower parents and children to manage in the mainstream environment. Institutional ethical committee approval was obtained before data collection was initiated.
A matched-group survey was used with parents of children with ANSD matched with a control group of parents of children with SNHL.
Study population
Two groups of 15 parents each were sampled, one with children with ANSD and the control group with children with SNHL. The two groups were matched in terms of the child's gender, age, amplification used, social background and utilization of private or public health care sectors (Table 1) . Table 1 describes the demographic characteristics of the families who participated in this survey.
Procedures
An interview questionnaire, consisting of 45 questions divided into six subcategories (biographic information, experiences of audiological diagnosis, hearing aid benefit, parental experiences of the rehabilitation decision making process, parental needs for emotional support and parental needs for information) was administered. The same independent audiologist administered the questionnaire to all parents/caregivers. These interviews were conducted in a personal or telephonic interview. On average an interview was conducted in 20 minutes. Instructions about the completion of the questionnaire was conveyed to each parent/caregiver and informed consent was required by each participant before commencing.
Questions were derived and adopted from an existing questionnaire, namely the MVOS (My View On Services) [14] . Additional questions were referred from qualitative report on parents whose infants have been identified with ANSD [12] .
Fourteen questions were asked to gain demographic and case history information. A 5-point Lickert scale was implemented for the remaining 31 questions in order to obtain information about the parents'/caregivers perceived experiences, opinions and needs. The responses were evaluated on a continuum of strongly disagree (1), disagree (2), neutral (3), agree (4) and strongly agree (5).
Data analysis
Data collected from this survey was tabulated on an Excel sheet and all statistical analyses were performed using SAS version 9.3. The data were analysed descriptively to yield percentages and frequency distributions within the two groups.
The Exact Chi² test (using Monte Carlo simulation) was used to investigate possible statistically significant association between the responses of the two groups.
Statistical significance was set at a probability level of 0.05.
RESULTS

Experience of audiological diagnosis
Seven questions concerned the diagnostic process (Figure 1 ), covering aspects of conveying the diagnosis, information provision, and understanding of diagnosis after feedback and guidance for future actions (Online Appendix 1). 
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Parents of children with ANSD were also more likely (p = 0.032) to report insufficient time allowed for asking questions during the diagnostic process.
Two additional questions related to parental experience of delays in diagnosis,
although not statistically significant, indicated that twice as many parents of children with ANSD agreed or strongly agreed (66%) that the process was lengthy compared to parents of children with SNHL (33%).
Furthermore parents of children with ANSD reported a significantly larger number of diagnostic audiological sessions (p = 0.015) required to make a final diagnosis. More than half (53%) of the ANSD group reported more than five diagnostic sessions before a final diagnosis was made (7% required five sessions, 27% required two sessions and 13% required a single session). In contrast almost half (40%) of the SNHL group required only one session for the diagnosis (13.3 % required two sessions, 13.3% required three, 20% required four and 13.3% required more than five sessions).
The majority (80%) of the SNHL parent group strongly agreed that hearing loss was their only concern about their child at the time of diagnosis, whilst 7% was neutral and 13% had some other concerns. Half (53%) of the ANSD group strongly agreed that hearing loss was their only concern, followed by 27% who agreed and the remaining 21% was equally divided across neutral, disagreeing and strongly disagreeing.
Hearing aid benefit
Three questions concerned the benefit derived from hearing aids (Figure 2 ), covering aspects of the child's improved reaction to sound and improved speech understanding (Online Appendix 1).
Figure 2.
Perceived hearing aid benefit (summarised from three questions; n = 87 responses).
Strongly Disagree = least benefit and Strongly Agree = most benefit No significant difference (p = 0.149) was evident for the perceived benefit derived from hearing aids between the two groups.
40% of the SNHL group used bilateral cochlear implants and 20% were using bimodal amplification. 40% of the SNHL group used hearing aids with success. 60% of these parents did perceive an improvement in their children's reaction to sound with hearing aids with 47% experiencing an improvement in speech understanding, before cochlear implantation was considered for appropriate candidates.
In the ANSD group the same percentage (40%) of children used bilateral cochlear implants and bimodal amplification, 27% used binaural hearing aids, 7% used a unilateral hearing aid and 7% used no amplification. 58% of these parents perceived an improvement in their children's reaction to sound with hearing aids and 50%
perceived an improvement in speech understanding, before cochlear implantation was considered for appropriate candidates.
Only 27% of the ANSD group indicated that they would strongly recommend the use of hearing aids to other parents as opposed to 60% of the SNHL group.
Experience of the habilitation decision making process
Five questions related to parental experiences and concerns during the habilitation decision making process ( Figure 3 ). These included parental concerns about the use of hearing aids, the process of decision making about amplification, receiving conflicting information during this process, too many professionals' involved and professional's respect of the parent's role during this process (Online Appendix 1).
There was no significant difference (p = 0.2274) between the reported experience of the decision making process of these two parent groups. Nonetheless 47% of the ANSD group reported receiving conflicting information from professionals during the Two thirds (67%) of the ANSD parent group indicated the amplification decision making process not being difficult as opposed to 80% of the SNHL parent group.
A significant difference (p = 0.025) was evident between these two groups in the time from diagnosis to hearing aid fitting and from diagnosis to first cochlear implant (p = 0.036) as seen in Table 1 .
After the final decision on amplification (hearing aids and cochlear implantation) was made, 7% of the ANSD group remained neutral about the consistent use of amplification, 7% agreed to the consistent use of the amplification and 86% strongly agreed that their children consistently use their amplification. In the SNHL parent 
Need for emotional support
Seven questions concerned the parental need for emotional support (Figure 4) , including opportunities to meet with other parents, to be part of a support group, need to talk to someone outside the family and someone to talk to on how to handle and cope with a hearing impaired child (Online Appendix 1). No significant differences were evident in the two groups of parents' responses regarding the need for emotional support (p = 0.051).
On an individual question the SNHL group felt a greater need to talk to someone on how to handle and cope with their hearing impaired children (p = 0.0229). 
DISCUSSION
Parents of ANSD children reported experiencing a poorer understanding of the diagnosis and that insufficient time was allowed for asking questions. Close to half (47%) of the ANSD parents reportedly received conflicting information from professionals during this process. Obtaining information is an important part of parental coping and the decision-making processes towards adjusting to their child's hearing loss [11] . In diagnoses of ANSD, families face additional challenges above and beyond the diagnosis of a hearing loss. Due to the range of clinical presentations in ANSD there are often uncertainties at the time of diagnosis with resultant complexities associated with management options [6, 9, 15] . This is reflected in the poorer understanding of the ANSD diagnosis and the issue of conflicting information reported by parents in the current study.
Considering the heterogeneous nature of the disorder and range of functional outcomes, no definitive predictions regarding 'expected' auditory behaviours can be made until additional diagnostic information has been obtained and as a result there is an inherent amount of uncertainty that accompany ANSD and may not be typical to SNHL [16, 17, 12] . As a result professionals should be sensitive to inform families that additional test procedures and examinations may be required for definitive diagnosis and etiological evidence (such as an MRI to rule out cochlear nerve deficiency) [16, 15] . Roush (2011) emphasises the need for families to have a timeline for management during the first year, including the need for medical evaluations, enrolment in early intervention programmes, establish behavioral threshold (6 -7 months of age) and repeat ABR assessments. Parents need to know that decisions regarding amplification (hearing aids or cochlear implantation) may need to be deferred until behavioral audiometric thresholds can be established.
With these guidelines communicated to the parents from the outset, may lessen the impact of the uncertainty surrounding the diagnosis and management [4, 15, 16] .
Significantly more diagnostic sessions were required to make the final diagnosis in ANSD than SNHL in the current study with parents experiencing the diagnostic process as prolonged. Diagnosing ANSD should be straightforward but determining the auditory capacity in the infant period however is more challenging as patients with ANSD vary greatly [5, 15, 17, 18] . Clinical characteristics include pure tone thresholds ranging from normal to profound levels, disproportionately poor speech recognitions abilities for the degree of hearing loss, difficulty hearing in noise; and impaired temporal processing [2, 5, 19, 20] .
Unlike SNHL, threshold estimation is not possible with Auditory Brainstem Response (ABR) or Auditory Steady State Response (ASSR) [1, 5, 15] . As a results developmentally appropriate behavioral measures, which typically may only be possible after the age of 6 months must be used to determine hearing thresholds [17] . Waiting for the child to be old enough for these behavioral assessments, prolong the process, as reported by the parents in this study. Since a significant proportion of children with permanent hearing loss have ANSD, with estimates between 10% and 20% [5, 21] audiological diagnosis should rely on appropriate test batteries to accurately determine ANSD as soon as possible [5] . Following recommended guidelines such as those developed at the ANSD consensus conference may facilitate more consistency across practices [4, 16] .
Cortical evoked potentials may become useful in cases where behavioural methods are inconclusive [1, 22, 23] . To date however cortical auditory evoked potentials have mostly been employed in laboratory settings, rather than in clinical settings and are not consistently included within a test battery for assessing auditory function [24] Using CAEP potentials in a clinical setting, may however provide hearing threshold estimates at earlier ages allowing for appropriate early intervention strategies at a younger age. This may lessen the uncertainty and frustrations experienced by parents who await closure on the threshold determination process so that intervention can commence.
Delay between initial hearing loss diagnosis and hearing aid fitting or first cochlear implantation was significantly longer for ANSD compared to SNHL children. Hood (2013) and Attias (2013) also reported a significant difference in age at time of cochlear implantation between SNHL and ANSD children, with the ANSD children an average of one year older at the time of first implantation. As far as possible accurate initial diagnosis along with timely determination of hearing thresholds should be prioritized to ensure hearing aid fitting and/or cochlear implantation as early as possible. This is important for optimal auditory and language outcomes [27, 28, 29] .
Parents of ANSD children reported significantly less need to talk to someone about their hearing impaired child. This seems counter-intuitive, but may be related to several possible reasons bearing in mind the limitations of the small sample size.
The time immediately after the diagnosis is perceived as the most stressful for parents with the diagnosis of a childhood disability [30] . A marked relief however is experienced at the time of intervention, for example with hearing aid fitting and/or a cochlear implantation [30] . Parents of children with ANSD may experience this more acutely after the range of uncertainties during the diagnostic process. As a result these parents, whose children have all received assistive devices, may experience a lesser subsequent need for emotional support. deaf or hard-of-hearing child with additional needs [11] . The fact that parents in the current study had all enrolled at the same early intervention centre soon after diagnosis may also have ensured that there was no difference in the experienced need for information.
CONCLUSIONS
There were five predominant findings in this study: (1) 
